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Medium at 2-4oC 
Cortical Granules Present In a Row Below the Oolemma 
Indicating a Reduction in Their Number at the End of 6h in D-PBS 
at 2-4oC 
Increase in Lipid Droplets in the Ooplasm of COC's  Held in D­
PBS at 2-4oC for 6 h 
Marked Intercellular Spaces Between Corona Cells and Zona and 
Organelle Free Area in Centre of Oocyte at the End of 3 h in D­
PBS at 35-37oC 
Elongation of Corona Cells and Increase in Intercellular Spaces 
Between Corona-Cumulus Cells at the End of 6 h at 35-37oC 
Corona Radiata Cell of a COC Transported in D-PBS at 35-37oC 
at the End of 3h Exhibit Vacuolation of its Cytoplasm 
Corona Cell Undergoing the Process of Vacuolation of Cytoplasm 
at the End of 1 2  h 
Rough Endoplasmic Reticulum Appears Blurred and Swollen in 
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Rough Endoplasmic Reticulum in the Corona-Cumulus Cells at 
the End of 1 2h is Better Preserved. Cytoplasmic Matrix Appears 
Granular 
Mitochondria in Corona-Cumulus Cells Appear Normal And The 
Cytoplasmic Matrix Contains Dense Particles at the End of I h  at 
35-37oC 
Reduction in the Size of Mitochondria and Increase in Lipid 
Droplets in Corona-Cumulus Cells at the End of 1 2h at 35-37oC 
Golgi Complexes in Corona-Cumulus Cells Appear Elongated 
Accompanied with Vesicles at the End of 3h at 35-37oC 
Stacks of Golgi Complexes Poorly Developed Associated with 
Vacuoles at the End of 1 2h at 35-37oC 
Zona Pellucida and Small Perivitelline Space of a COC Held in D­
PBS at 35-37oC for Ih  
No Marked Changes in the Zona Pellucida at the End of 1 2h in 
Transport Medium at 35-37oC. Perivitelline Space is Enlarged 
Mitochondria in the Ooplasm Show No Significant Changes at the 
End of 1 h in D-PBS at 35-37oC 
Loss of Bounding Membrane and Cristae Apparent m 
Mitochondria in Ooplasm of COC's  in D-PBS at 35-37oC for 1 2h 
Golgi Complex in the Ooplasm of COC's  Held at 35-37oC for I h  
Exhibit Swelling and are Elongated. Vesicles are Present 
The Stacks of Golgi Complexes Appear Straight, Elongated and 
Relatively More Organised at the End of 6h at 35-37oC. Vesicles 
Contain Dense Material 
Incidence of Cortical Granules at the End of 6h at 35-37oC Seems 
To Be Reduced and Some of Them Form Vacuoles Around Them 
Cortical Granules at the End of 1 2h Holding Time at 35-37oC are 
Electron Lucent and Many Loosing Matrix 
Few Cortical Granules Appear Fused with the Oolemma at the End 
of 1 2h at 35-37oC. Zona Pellucida 
Numerous Large Sized Lipid Droplets in the Ooplasm of COC's 
Held in Transport Medium at 35-37oC for 6h 
Light Micrograph of Ovulated Ova Devoid of Cumulus Cells 
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Semi-Thin Section of In Vitro Matured Oocyte Showing Cumulus 
Expansion 
Electron Micrograph of an In Vitro Matured Oocyte Showing 
Increase in Intercellular Spaces Between Corona-Cumulus Cells, 
Elongation of Corona-Cumulus Cells 
An Increase in the Incidence of Vacuoles Containing Electron 
Dense Material was Observed in the Corona Radiata Cells In Vitro 
Matured Oocytes 
7 1  Incidence of Rough Endoplasmic Reticulum was Reduced in 
Corona-Cumulus Cells of In Vitro Matured Oocytes. Golgi 
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Most of Mitochondria in Corona-Cumulus Cells of In Vitro 
Matured Oocytes Appeared Swollen Accompanied with Loss of 
Matrix 
Zona Pellucida in Ovulated Ova is Wider and Does Not Contain 
Any Remnants of Cytoplasmic Processes from the Corona Cells 
Zona Pellucida of In Vitro Matured Oocytes Appears Compact, 
Less Wide and Contains Remnants of Cytoplasmic Processes 
Part of Process from Corona Radiata Cells Can Still be Seen in the 
Zona Pellucida at the End of In Vitro Maturation 
Higher Magnification of the Process of Corona Radiata Cells 
inside the Zona Contain Mitochondria and Vesicles 
Wide Perivitelline Space in Ovulated Ova Contain Electron Lucent 
Material and Microvilli 
Perivitelline Space In Vitro Matured Oocytes Contain Many 
Microvilli and the Ooplasm is Smoother than that Seen in 
Ovulated Ova 
First Polar Body With One Half Chromatin in the Perivitelline 
Space of In Vitro Matured Oocyte 
Numerous Cortical Granules are seen III a Row Immediately 
Below Oolemma in Ovulated Ova 
Incidence of Cortical Granules In Vitro Matured Oocytes is 
Reduced Compared with Ovulated Ova. Large Cytoplasmic Body 
Present in the Perivitelline Space 
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Organelles in Ovulated Ovum Uniformly Distributed Except a 
Small Peripheral Zone which Lacks in General Organelles. A 
Large Perivitelline Space of Uniform Width Present. 
Cytoplasmic Zone at the Periphery Lacking in Organelles is Wider 
In Vitro Matured Oocytes. Smaller and Uneven Perivitelline 
Space, Large Number of Lipid Droplets 
Small Aggregates of Smooth Endoplasmic Reticulum are Seen in 
the Peripheral Ooplasm in Ovulated Ova 
Aggregates of Smooth Endoplasmic Reticulum are Larger In Vitro 
Matured Oocytes and are Mostly Located at the Periphery 
Mitochondria in the Ooplasm of Ovulated Ova are Relatively 
More Electron Dense and Contain Numerous Lamellae Like 
Cristae. Some of them are Hooded 
Mitochondria In Vitro Matured Oocytes Appear Swollen, Less 
Electron Dense and Contain Fewer Cristae 
Large Sized Vesicles Containing Granular Material, Associated 
with Smooth Endoplasmic Reticulum and Mitochondria are Seen 
in the Ooplasm of Ovulated Ova 
89 Vesicles in the Ooplasm of In Vitro Matured Oocytes are Smaller 
in Size and Few are Associated with Smooth Endoplasmic 
Reticulum 
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Few Small Sized Lipid Droplets were Observed in the Ooplasm of 
Ovulated Ova 
Numerous Large Sized Lipid Droplets were Found Distributed all 
Over the Ooplasm In Vitro Matured Oocytes 
Light Microscopic Observations On In Vitro Produced Embryos 
Collected At 1 32 h Post-Insemination Showing Most of Them Are 
At Compacted Morula Stage 
Light Microscopic Observations On An In Vivo Derived Morula 
(Compacting) Showing Some Blastomere Extrusion Collected 
From Superovulated Cow At Day 6 After Oestrus 
Blastomeres of In Vivo Produced Morulae are in Communication 
Through Short Electron Dense Contact Areas. Nucleoli has 
Reticular Morphology 
Electron Micrograph of In Vitro Morula Showing Asymmetrical 
Blastomeres, Large Sized Lipid Droplets, Numerous Vacuoles 
XVI 
1 50 
1 5 1  








1 7 1  








1 0 1  
Zona Pellucida of an In Vivo Produced Morula Showing Inner 
Surface Compact and Uniform While the Outer Surface is 
Irregular and has Spaces 
Zona Pellucida of an In Vitro Produced Morula is Relatively 
Thinner and Appears to be Undergoing the Process of 
Degeneration. Cytoplasm of the Blastomeres is Electron Dense 
Numerous Mitochondria of Various Shapes and Sizes are Present 
in the Blastomeres of In Vivo Produced Morula 
Higher Magnification showing Immature Mitochondria having 
Translucent Matrix and Cristae have not Formed In Vivo Produced 
Morulae 
Most of Mitochondria In Vitro Produced Morulae are Condensed, 
Vacuolated and Show Ballooning of Cristae 
Numerous Multivesicular Bodies were Present in the Blastomeres 
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Despite substantial progress in the development of procedures for in vitro 
maturation, in vitro fertilisation and in vitro culture, the production of viable embryos 
in most laboratories is around 20-30%. The objective of this study was to examine 
ultrastructural changes induced in bovine oocytes during various stages of in vitro 
embryo production as these changes could contribute towards the low viability of the 
embryos. 
The oocytes recovered from slaughterhouse ovanes were transported in 
modified Dulbecco's  phosphate buffered saline for various periods of time at two 
different temperatures, in vitro matured (WM), in vitro fertilised (WF) and in vitro 
cultured (WC) to morulae stages. After submitting to various stages mentioned 
above the oocytes were processed for transmission electron microscopy and 
examined in Hitachi 7 1 00 or Phillips CM 1 2  electron microscopes at 75 or 80 kV 
respectively. 
x x  
Results exhibited that holding of oocytes in commonly used transport 
medium induced changes in the organelles such as rough endoplasmic reticulum, 
cortical granules, mitochondria and Golgi complexes both in the cumulus cells and 
those present in the oocytes. The severity of these changes was higher in oocytes 
transported at 2_40 C than those transported at 35-370 C the effect of which was 
reflected by the viability test. None of the cleaved oocytes (0/49) in the former while 
an average of 1 8 .2% ( 1 0/55) ofthe oocytes in the latter developed to morulae. In the 
second experiment, the oocytes which were submitted to IVM, exhibited 
ultrastructural changes such as incomplete cumulus expansion, swelling of 
mitochondria, reduced incidence of cortical granules and accumulation of lipid 
droplets which were probably the factors affecting the viability of oocytes. 
In the third experiment, examination of in vitro produced morulae (35/12 1 ,  
28.9%) revealed the presence of a large number of lipid droplets, vacuoles and 
numerous mitochondria undergoing the process of degeneration which ultimately 
may affect the viability of embryos. It was concluded that the ultrastructural changes 
induced during various stages of in vitro embryo production contribute towards low 
viability of the in vitro produced embryos. 
xxi 
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Sungguhpun banyak kemajuan dalam perkembangan prosedur pematangan in 
vitro, persenyawaan in vitro dan kultur in vitro, penghasilan embrio-embrio hidup di 
kebanyakan makmal adalah sekitar 20-30%. Objektif kajian ini adalah untuk 
memeriksa perubahan-perubahan ultrastruktur pada oosit bovin yang tercetus semasa 
pelbagai peringkat penghasilan embrio secara in vitro di mana ini mungkin 
merupakan salah satu faktor penyumbang kepada rendahnya tahap hidup embrio 
tersebut. 
Oosit-oosit yang dikumpul dari ovari rumah sembelih dipindah dalam larutan 
salina tertimbal Dulbecco's fosfat di pelbagai peringkat masa dalam dua suhu yang 
berbeza, dimatang, disenyawa dan dikultur secara in vitro sehingga peringkat morula. 
Selepas melalui beberapa peringkat, oosit ini ditetap dalam 2.5% gluteraldehid 
tertimbal dengan sodium cocodilat dan diproses untuk mikroskopi elektron 
penularan. Perubahan ultrastruktur tercetus di pelbagai peringkat diperiksa dengan 
menggunakan mikroskop elektron penularan Hitachi 7 1 00 atau Phillips eM 1 2  pada 
75kV atau 80 kV, masing-masing. 
Keputusan menunjukkan bahawa menyimpan oosit dalam larutan pemindah 
mencetus perubahan-perubahan pada organel seperti retikulum endoplasmik kasar, 
XXll 
granul kortikal, mitokondria dan kompleks Goigi pada sel kumulus dan oosit. 
Perubahan ini meningkat menjadi teruk pada oosit yang dipindah pada 2-4oC 
berbanding 35-37°C. Tiada oosit yang membentuk morula (0/49) pada suhu terdahulu 
sementara suhu berikutnya menghasilkan sebanyak 1 8 .2% ( 1 0/55) morula. 
Dalam ujikaji kedua, oosit yang dilalukan pematangan in vitro, menunjukkan 
perubahan ultrastruktur seperti pengembangan kumulus tak lengkap, pengembungan 
mitokondria, pengurangan kortikal granul dan pengumpulan titisan lemak yang 
memberi kesan kepada tahap hidup oosit. 
Dalam ujikaji ketiga, pemeriksaan morula (35/12 1 ,  28.9%) yang dihasilkan 
secara in vitro menunjukkan kehadiran banyak titisan lemak, vakuol dan mitokondria 
yang mengalami proses degenerasi di mana akhimya memberi kesan kepada tahap 
hidup embrio.  Kesimpulannya, perubahan-perubahan ultrastruktur yang tercetus 
semasa pelbagai peringkat penghasilan in vitro embrio merupakan salah satu faktor 




A cow normally produces single ovum at each ovulation and if fertilised it 
delivers a calf at the end of a long gestation period and hence the rate of genetic 
improvement is slow in this species. In her life time, a cow produces less than ten 
calves. The ovaries of a calf at birth contain a large pool of (75- 1 60 x 1 03) primary 
oocytes, the majority of which are wasted in her life time. The availability of 
techniques to make greater use of these oocytes will facilitate rapid genetic progress 
of this animal and is one of the main objectives of research in animal reproduction. 
Techniques are now available by which immature bovine oocytes recovered 
from the ovaries can be matured and fertilised in vitro to produce embryos for 
research and commercial production. Bovine in vitro fertilisation (IVF) has received 
greatest attention in the recent years and could serve as a model for the useful 
reproductive technologies. This technique can provide valuable source of low cost 
embryonic material and can be used as a replacement for conventional embryo 
transfer (ET) procedures. With this technique, in vitro produced embryos can be 
generated from oocytes collected from slaughterhouse or from live normally cycling 
females using intravaginal ultrasonographic puncture techniques (Pieterse et al., 
1 99 1  ) .  
